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ABSTRACT
An unknown fungal species was cultured from necrotic Brachiaria eruciformis
leaves found in Oxford, Mississippi. The fungus was identified via molecular
techniques as Pyricularia grisea. This fungus was grown on Czapek Dox broth
culture medium for 21 days under continuous light at 24 0C. The culture filtrate
was extracted with ethyl acetate and concentrated. The major bioactive
compound, namely pyrichalasin H, was isolated using TLC-guided fractionation
and identified via spectroscopic techniques. The compound was then tested for
bioactivity on monocotyledons, dicotyledons and agriculturally important fungal
species. Cellular leakage, chlorophyll content and root/shoot length bioassays
were also performed to probe the compound’s phytotoxic mechanism of action.
In addition to this project, targeted synthesis of structural analogs of a previouslyisolated isochromanone compound was carried out in the laboratory. Structures
were characterized by spectroscopic techniques and biological activity was
evaluated, with significant phytotoxicity observed in monocots.
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LIST OF ABBREVIATIONS
PDA

Potato dextrose agar

PCH

Pyrichalasin H

TLC

Thin layer chromatography

GC-MS

Gas chromatography mass spectrometry

NMR

Nuclear magnetic resonance

COSY

Correlation spectroscopy

HSQC

Heteronuclear single-quantum correlation spectroscopy

HMBC

Heteronuclear multiple-bond correlation spectroscopy

Proto

Protoporphyrin

Protox

Protoporphyrinogen IX oxidase

TEMED

Tetramethylethylenediamine

DCM

Dichloromethane (also shown as CH2Cl2)

DMAP

4-Dimethylaminopyridine

DMSO

Dimethyl sulfoxide

THF

Tetrahydrofuran

t-Butylamine

tert-butylamine

n-BuLi

n-butyllithium

p-TsOH

para-toluenesulfonic acid
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INTRODUCTION
Agricultural companies and farmers alike have long struggled with pest
control in terms of maximal crop production. Modern methods consist primarily
of synthetic pesticides due to their high selectivity and low production costs [1].
However, negative stigma regarding their environmental effects has led to a
dramatic increase in the search for less harmful methods [1]. The primary
candidate for such a task is the utilization of “natural products” (compounds
synthesized by living organisms in vivo).
The broad chemical diversity of natural products leads to an incredible
number of potential pest control agents. A few examples of these products are
shown below in Figure 1.
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Figure 1. Structures of three natural products with pesticidal activity: (a) leptospermone, (b)
spinosyn D and (c) adjudazol B. Note the large proportion of oxygen and nitrogen present.

According to Duke et al., such compounds generally have “relatively short
half-lives . . .and contain relatively few halogen substituents” [2] compared to
traditional synthetic counterparts. These characteristics are considered to cause
1

less environmental harm upon degradation, granting natural products the “green”
stamp of approval. Furthermore, many weed species are becoming resistant to
traditional herbicides like glyphosates (N-(phosphonomethyl)glycine) [3]. Thus,
the natural product “revolution” possesses yet another advantage to the pest
control agents of the past.
The first portion of this thesis focuses on the isolation and purification of
biologically active fungal metabolites in the search for “greener” pesticides. For
the purpose of this project, only plant-pathogenic fungi were examined using
cultures found on necrotic plant tissue.
A well-studied example comes from the cytochalasin class of fungal
secondary metabolites. These compounds are known as polyketide-amino acid
hybrids and can be organized further into various groups according to the amino
acid substituents present in the compound [4]. Previous research has shown
many of these compounds have cytotoxic effects, although the exact mechanism
has yet to be resolved in each case. In 1985, Carlier et al. showed that
cytochalasin D prevents polymerization and elongation of actin filaments purified
from rabbit muscle [4]. Accordingly, it has been proposed that these interactions
interfere with cellular division and may cause cell death. Further work supported
this hypothesis, indicating the binding of cytochalasin D to cytoskeleton
components causes disruption of endocytosis and subsequent cellular
deregulation, ultimately leading to cell death [5].
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A subgroup of these metabolites, known as pyrichalasins, contains a paramethoxybenzyl substituent [4]. Pyrichalasin H (PCH)

OH
H

(Figure 2) was isolated from a fungal culture in our
laboratory and was found to display both
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phytotoxic and antifungal activity. The
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O
O

targeted structure-activity studies performed
Figure 2. Structure of pyrichalasin H.

with cytochalasin D, for example, have yet to
be carried out with pyrichalasins. However, the compound’s phytotoxic activity
has been documented both in extracts of Pyricularia grisea [6] and other strains of
the Pyricularia fungus. A study by Tsurushima et al. concluded that the
compound was directly responsible for pathogenicity in Digitaria (crabgrass)
isolates [7], a major weed threat to sugarcane plantations in Brazil. The antifungal
activity of metabolites produced by fungi themselves proposes an interesting
question about the evolutionary purpose of such compounds. Some studies
have probed the phenomenon and propose the use of antifungal metabolites to
inhibit the growth of fungi competing for the same ecological niche [8].
Phytotoxic mechanisms of action differ greatly from one compound to the
next. For example, in contrast to the cytochalasins discussed above, many
substituted diphenyl ethers, such as acifluorfen, display phytotoxicity through
inhibition of the enzyme protoporphyrinogen IX oxidase (Protox) [9]. Protox is
responsible for the oxidation of protoporphyrinogen IX to protoporphyrin IX
(Proto), which is an important precursor in the synthesis of both chlorophyll and

3

heme (Figure 3). Protox inhibition leads to the autooxidation of
protoporphyrinogen IX and subsequent accumulation of Proto in the cell. The
accumulated Proto rapidly converts molecular oxygen into singlet oxygen when
exposed to light, causing significant photodynamic damage to the cell [9]. The
resultant membrane lipid peroxidation bursts the plasma membrane, causing
cellular leakage. This type of action was considered while attempting to resolve
the mechanism of PCH.
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There are many known advantages to this approach. It is well known that natural
product isolation is a very time consuming and arduous process. Furthermore,
the amount of product isolated via extraction is often extremely limited. In many
cases, kilograms of biomass are needed to yield only milligrams of product.
Thus, laboratory synthesis of analogs for such compounds allows a shortcut to
the end product. Although, as noted by Maier, the absence of a reliable model to
correlate chemical structure with biological activity makes this process, much like
isolation, “largely rely on trial and error” [10]. Accordingly, synthesis of various
isochromanone analogs comprises the second portion of this thesis.
A past student in our laboratory isolated an isochromanone derivative, 8hydroxy-3,5-dimethylisochroman-1-one, as a major phytotoxic metabolite of the
fungal species Diaporthe eres, a pathogenic fungus isolated from English ivy
(Hedera helix) (Figure 4). To further examine the activity of this type of
compound, a synthetic procedure was used to make various analogs.
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10-1a: R1 =Me, R 2=H, R 3=H, X=OMe
10-1b: R1 =Me, R 2=Me, R 3=H, X=OMe
10-2a: R1 =Me, R 2=H, R 3=Me, X=Cl
10-2b: R1 =Me, R 2=Me, R 3=Me, X=Cl
10-2c: R1 =Me, R 2=H, R 3=H, X=Cl
11a: R1 =Me, R 2=H, R 3=Me, X=OH
11b: R1 =Me, R 2=Me, R 3=Me, X=OH

Figure 4. Chemical structures of 8-hydroxy-3,5-dimethylisochroman-1-one (1), isolated from
Diaporthe eres, and synthetic analogs: 10-1a, 10-1b, 10-2a, 10-2b, 10-2c, 11a and 11b.

All derivatives were synthesized using adapted literature procedures [11].
The general scheme (Scheme 1) involves amide formation using an appropriate
acyl chloride, followed by aromatic lithiation and reaction with selected propylene
5

oxides. The final isochromanone products were afforded by cyclization of the
resulting alcohol using para-toluenesulfonic acid (p-TsOH).
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Scheme 1. Reaction sequence for synthesis of isochromanone analogs as noted.
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EXPERIMENTAL METHODS
General Methods. PDA plates were prepared by dissolving 19.6 grams DifcoTM
(Detroit, MI) potato dextrose agar and 8.0 grams BD BactoTM agar in one liter (1
L) of deionized water. The dissolved solution was split into two 500 mL flasks
and autoclaved for 30 min at 120°C. Each 500 mL flask of sterile solution was
then poured over 20 sterile plastic petri dishes (BD FalconTM) inside a class II-A
biological safety cabinet. Czapek-Dox broth media was used to generate largescale fungal culture broth. It was made by dissolving 35.0 grams Czapek-Dox
broth (FlukaTM), 1.5 grams BD BactoTM malt extract, and 1.5 grams BD BactoTM
yeast extract in 1 L of deionized water in each of thirty 2 L Erlenmeyer flasks. All
thirty flasks were then sterilized by autoclave for 30 min at 120°C.
Fungal extracts were analyzed on 250-micron silica gel TLC plates with
fluorescent indicator (Analtech; Newark, DE). UV light (254 and 365 nm),
Dragendorff spray reagent (Sigma-Aldrich; St. Louis, MO), p-anisaldehyde spray
reagent, and an iodine vapor tank were used for visualization of compounds.
Isolation and purification was performed using a Biotage IsoleraTM Flash
Chromatography system with dual-wavelength (254 and 280 nm) detector, using
Biotage© SNAP Ultra silica gel columns (Charlottesville, VA) with hexane, ethyl
acetate, dichloromethane and methanol in various percentages. 1H and 13C
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NMR spectra were recorded on a Bruker AMX spectrometer operating at 400
MHz for 1H and at 125 MHz for 13C NMR. Experimental spectra are included in
the Appendix section. High-resolution mass spectra were obtained using Jeol
ACCU TOF JMS-T1000 mass spectrometer.

Standard Bioassay for Phytotoxicity. All extracts and purified compounds
were subjected to a standard bioassay procedure, developed by Dayan et al [12].
Phytotoxicity is determined by the effect of sample on the germination and
growth of Lactuca sativa (lettuce; dicot) and Agrostis stolonifera (bentgrass;
monocot) in 24-well plates. A negative control (only H2O) and a solvent control
(with acetone) were also prepared. Each plate was incubated under 16/8
light/dark conditions at 26°C and 120 μmol s-1 m-2 average photosynthetically
active radiation (PAR). Seed germination was ranked qualitatively on a scale
from 0 to 5 after 7 days (L. sativa) and 10 days (A. stolinifera) after treatment. A
ranking of 0 means no difference between the control and treated seeds and a
ranking of 5 indicates complete inhibition of germination.

Cellular Leakage Test. To determine if the mechanism of PCH involves
membrane leakage, a modified method developed by Duke and Kenyon [13] was
used. Cucumis sativus were grown in a Conviron growth chamber (Model E7/2;
Winnipeg, Canada) at 26°C under 173 μmol s-1 m-2 PAR for 6 days. Fifty 4-mm
disks were cut from C. sativus leaves and placed in Petri dishes along with 5 mL
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of 1 mM 2-(4-morpholino) ethane sulfonic acid (MES) buffer solution with 2% w/v
sucrose. The solution was adjusted to pH 6.5 with 1 N NaOH. The MES buffer
was made with appropriate amounts of test compound or diluent. Test
compounds were dissolved in acetone and added to the MES buffer such that
the final acetone concentration was 1%. Acifluorfen was included as a positive
control. Electrical conductivity measurements were taken using a dip cell at
various times (0, 1, 2, 4, 6, 8 h) after exposure to the chemical. All dishes were
covered with aluminum foil and left in darkness for a total of 18 h. The dishes
were then placed in 200 μmol s-1 m-2 PAR light and readings were taken at the
same time intervals. Triplicate results were averaged and plotted as %
conductivity change after exposure to test compound. A maximum leakage
reading was taken using leaf disks boiled in MES buffer.

Chlorophyll Content Determination. To determine if the mechanism interferes
with chlorophyll biosynthesis, additional tests were conducted using a method
developed by Hiscox and Israelstam [14]. Hordeum vulgare (barley; monocot) and
Lactuca sativa (lettuce; dicot) seedlings were grown on a wet filter paper disk (H.
vulgare) and in sand (L. sativa) with varying percentages of PCH. After 7 days,
root and/or shoot lengths were measured to monitor growth and the upper onethird of the shoots were cut, weighed and placed in test tubes with 2 mL of
DMSO. All tubes were sealed and incubated at 65°C for 2 h with vortexing. The
DMSO was transferred to a clean tube and an additional 2 mL was added to the
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original tube. The tubes with the shoots were again incubated at 65°C for 30
min. Both aliquots of DMSO were combined and pipetted into a standard 1-cm
cuvette. Chlorophyll content was determined with a Shimadzu UV-3101 UV-VisNIR spectrophotometer. A DMSO blank was used for background correction.
Absorbance was measured at 645 and 663 nm. The amount of chlorophyll was
determined with the following equation given by Arnon [15]:
mg chlorophyll/L = 20.2∗A645 + 8.02∗A663
where A645 and A663 represent absorbance measured at 645 and 663 nm, respectively.

I. Isolation of Bioactive Metabolites
Fungal Material. Necrotic Brachiaria eruciformis leaves (Figure 5) were
collected on the University of Mississippi campus in Oxford, Mississippi. A single
leaf was sterilized by dipping it in 5% sodium hypochlorite solution for one minute
followed by rinsing in sterile, deionized water three times for one minute each. A
small area of an infection site (about 2 x 2 mm) was cut with a scalpel and placed
on a PDA plate (DifcoTM). The fungus on the infected site was allowed to grow
for one week in a growth chamber at 24°C under a 12-hour light cycle. A single
fungal colony was sub-cultured by transferring a small plug (0.5 x 0.5 cm) to
another PDA plate using a sterile straw. The plate was then allowed to grow
under the same conditions for another week.

10

(a)

(b)

Figure 5. (a) Infected Brachiaria eruciformis (signalgrass) leaves showing necrosis; (b) Fungal
colony growing on PDA plate.

Molecular Identification of Fungus. DNA sequencing of fungus and alignment
of the ITS region were performed by Accugenix® (Newark, DE). Consensus
C169499120140715014 was aligned, constructing the Neighbor Joining Tree
method with Dinemasporium morbidum as the outgroup.

Large Scale Growth of Fungus. Two 500 mL Erlenmeyer flasks containing 250
mL of Czapek-Dox broth were inoculated with 10 straw plugs (0.5 x 0.5 cm)
each. The flasks were placed in an orbital shaker, rotating at 90 rpm for 10 days
under continuous light at 24 °C. This fungal culture broth was then used to
inoculate thirty 2 L flasks containing 1 L of Czapek-Dox broth by pipetting 5 mL
aliquots of fungal broth culture into each. These flasks were then allowed to
grow in an orbital shaker, rotating at 90 rpm for 21 days under continuous light at
24 °C. All manipulations were performed in a class II-A biological safety cabinet.
After three weeks of growth in the orbital shaker, the fungal culture broth
was filtered through MiraclothTM (EMD Millipore, Billerica, MA) followed by
11

vacuum filtration using 15 cm diameter coarse filter paper (FisherbrandTM,
Pittsburgh, PA). The filtrate was extracted 2x with ethyl acetate (1:1 v/v). The
ethyl acetate extract was dried over anhydrous sodium sulfate and the solvent
was evaporated to obtain a brown, viscous liquid of 2.6 grams. TLC profiles of
the extract (Figure 6) showed the presence of one major compound with several
minor compounds. The crude extract was subjected to column chromatography
(SNAP 50 g silica gel column) using 5-100 % ethyl acetate in hexane. Column
fractions of 27 mL were collected, assessed by TLC, and similar fractions were
combined to yield 15 fractions. The remaining fungal material was covered with
methanol for three days and sonicated for 1 h. The liquid was filtered and the
solvent was evaporated to afford a similar brown, viscous liquid of 0.65 grams.
The methanol extract was then compared to ethyl acetate extract via TLC
(Figure 6).

(a)

(b)

(c)

Figure 6. TLC profiles of crude methanol extract (left spot) and ethyl acetate extract (right spot)
visualized using (a) 254 nm UV light, (b) p-anisaldehyde spray reagent, and (c) iodine vapor. The
left plate in each picture was run in 50% EtOAc/Hex and the right plate was run in 100% EtOAc.
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Isolation of Pyrichalasin H. Combined fractions were analyzed via TLC and
subjected to further fractionation. Pyrichalasin H (1.2 g total) was precipitated as
a white powder from fractions 5-8 upon addition of hexane. The precipitate was
collected on a glass frit and recrystallized. The pure compound was then
subjected to the same standard bioassay as was performed on the crude extract.
The structure was elucidated and confirmed with various NMR spectra (1-D: 1H,
13

C, and DEPT-135/ 2-D: COSY, HSQC, HMBC) and MS analysis.

II. Synthesis of Isochromanone Analogs
8-methoxy-3,7-dimethylisochroman-1-one. 3-methylsalicylic acid 2 (25 g,
0.164 mol) was dissolved in acetone with K2CO3 (22.7 g, 0.164 mol) and
(CH3)2SO4 (20.7 g, 0.164 mol) and refluxed for 12 h to afford 3. Compound 3 (57
g, 0.32 mol) was treated with 15% NaOH/MeOH solution and stirred for 4 h at
room temperature. The mixture was precipitated with 6 N HCl, causing
crystallization of compound 4, which was subsequently dried under vacuum.
Oxalyl chloride (15.4 mL, 0.18 mol) was slowly added to 25 mL of Et3N, 3.0 g
DMAP, and 4 (20 g, 0.12 mol) dissolved in 100 mL DCM. The reaction mixture
was refluxed for 20 min at 80 °C. Excess oxalyl chloride was evaporated under
reduced pressure. The residue was dissolved in 100 mL of DCM and cooled in
an ice bath under N2. t-butylamine (16.4 mL, 0.156 mol) was then added to the
solution, stirring for 2 h. The mixture was acidified with 1 N HCl and extracted
twice with DCM. The extract was washed with 10% NaHCO3 solution, washed
13

with saturated aqueous NaCl, dried with anhydrous Na2SO4, and purified using
Biotage 340 g silica column (5-20% ethyl acetate in hexane) to yield 5a.
Compound 5a (8.0 g, 36 mmol) was dissolved in THF along with TEMED (11.9
mL, 79.2 mmol). n-BuLi (31.7 mL, 79.2 mmol) was slowly added to the solution in
a dry ice/acetone bath (-78°C) and stirred for 2 h. Propylene oxide (3.8 mL, 54
mmol) was then added and allowed to come to room temperature over a 12 h
period. The reaction mixture was quenched with saturated NH4Cl, extracted
twice with ethyl acetate, and dried over anhydrous Na2SO4. The solvent was
evaporated and the product was purified with Biotage silica gel chromatography
using 5-30% ethyl acetate in hexane and crystallized to afford 6a. Compound 6a
(2.0 g, 7.76 mmol) was then dissolved in 40 mL of toluene and p-TsOH (1.6 g,
9.31 mmol) was added. The mixture was refluxed at 100°C for 2 h. The toluene
was evaporated and the product was purified using Biotage 100 g silica column
(5-20% ethyl acetate in hexane) to afford 10-1a as a colorless oil.

8-methoxy-3,3,7-trimethylisochroman-1-one. The same procedure was used,
as detailed above. However, following aromatic lithiation with n-BuLi, isobutylene
oxide (4.9 mL, 54 mmol) was added to afford compound 6b. After cyclization,
the reaction mixture was extracted with EtOAc, dried and purified using Biotage
100 g silica column (5-20% ethyl acetate in hexane) to afford 10-1b as a white,
crystalline solid.
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8-hydroxy-3,7-dimethylisochroman-1-one. Compound 10-1a (930 mg, 4.5
mmol) was dissolved in 30 mL of DCM with AlCl3 (598 mg, 4.5 mmol) and the
mixture was stirred for 3 h at room temperature. The reaction was acidified with
1 N HCl, extracted twice with DCM and washed with 10% NaHCO3 solution. The
extract was dried with anhydrous Na2SO4 and the product was purified using
Biotage 5 g silica column (5-40% ethyl acetate in hexane) to yield compound 11a
as a colorless oil.

8-hydroxy-3,3,7-trimethylisochroman-1-one. Compound 10-1b (1.1 g, 4.68
mmol) was dissolved in 30 mL of DCM with AlCl3 (590 mg, 4.68 mmol) and the
mixture was stirred for 3 h. The reaction mixture was acidified with 1 N HCl and
extracted twice with DCM. The extract was washed with 10% NaHCO3 solution,
dried with anhydrous Na2SO4, and purified using Biotage 5 g silica column (540% ethyl acetate in hexane) to yield compound 11a as a colorless oil.

8-chloro-3,7-dimethylisochroman-1-one. 2-chloro-3-methylbenzoic acid 7a
(20 g, 0.117 mol) was dissolved in 100 mL DCM with 3.0 g DMAP. Oxalyl
chloride (15.1 mL, 0.176 mol) was slowly added along with Et3N (20 mL, 0.176
mol). Excess oxalyl chloride was evaporated under reduced pressure. The
residue was dissolved in 100 mL of DCM and cooled in an ice bath under N2.
t-butylamine (15.9 mL, 0.176 mol) of was then added, stirring for 2 h. The
mixture was acidified with 1 N HCl, extracted twice with DCM, washed with 10%
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NaHCO3 solution, dried with anhydrous Na2SO4 and purified using Biotage 340 g
silica column (5-20% ethyl acetate in hexane) to yield 8a. Compound 8a (2.25 g,
10 mmol) was dissolved in THF along with TEMED (3.28 mL, 22 mmol) and
cooled to -78°C. n-BuLi (8.8 mL, 22 mmol) was slowly added to the solution and
stirred for 2 h. Propylene oxide (1.05 mL, 15 mmol) was then added and allowed
to come to room temperature. The reaction mixture was quenched with
saturated NH4Cl, extracted twice with ethyl acetate, and dried over anhydrous
Na2SO4. The extract was purified by Biotage 25 g silica column (10-50% ethyl
acetate in hexane) to afford 9a. Compound 9a (1.0 g, 3.5 mmol) was then
dissolved in 25 mL of toluene and p-TsOH (0.34 g, 2 mmol) was added. The
mixture was refluxed at 110°C for 2 h. Toluene was evaporated and the product
was purified using Biotage 25 g silica column (5-20% ethyl acetate in hexane) to
afford 10-2a as a colorless oil.

8-chloro-3,3,7-trimethylisochroman-1-one. The same procedure was used as
detailed above. However, following aromatic lithiation with n-BuLi, isobutylene
oxide (1.2 mL, 15 mmol) was added to afford compound 9b. After cyclization,
the reaction mixture was extracted with EtOAc, dried and purified with Biotage
silica gel chromatography using 5-20% ethyl acetate in hexane to afford 10-2b as
a white powder.
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8-chloro-3-methylisochroman-1-one. To an ice-cold solution of 2chlorobenzoic acid 7c (20 g, 0.128 mol) in DCM with 3.0 g DMAP, oxalyl chloride
(21.9 mL, 0.255 mol) and Et3N (30 mL, 0.255 mol) were added dropwise. Excess
oxalyl chloride was evaporated under reduced pressure. The crude reaction
mixture was dissolved in 50 mL DCM and cooled in an ice bath. t-butylamine
(18.1 mL, 0.255 mol) was added to the solution while stirring for 2 h. The mixture
was acidified with 1 N HCl and extracted twice with DCM. The extract was
washed with 10% NaHCO3 solution, dried with anhydrous Na2SO4, and purified
using Biotage 340 g silica column (5-20% ethyl acetate in hexane) to yield 8c.
Compound 8c (4 g, 19 mmol) was dissolved in THF along with TEMED (6.3 mL,
42 mmol). n-BuLi (28.0 mL, 42 mmol) was slowly added to the solution in a dry
ice/acetone bath (-78°C) and stirred for 2 h. Propylene oxide (1.6 mL, 23 mmol)
was then added and allowed to come to room temperature. The reaction mixture
was quenched with saturated NH4Cl, extracted twice with ethyl acetate, and dried
over Na2SO4. The solvent was evaporated and 9c was crystallized in ethyl
acetate. Compound 9c (2 g, 7.4 mmol) was then dissolved in toluene and pTsOH (1.4 g, 11 mmol) was added. The mixture was refluxed at 110°C for 2 h.
The toluene was evaporated and product was purified using Biotage 25 g silica
column (5-20% ethyl acetate in hexane) to afford 10-2c as a white, crystalline
solid.
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RESULTS & DISCUSSION
I. Isolation of Bioactive Metabolites
The molecular analysis by Accugenix® confirmed the identification of the
fungus as Pyricularia grisea. ITS genomic alignment yielded a 99.73% match
with consensus C169499120140715014, as shown in Figure 7.

(a)

(b)
Figure 7. (a) ITS sequence alignment results; (b) Neighbor Joining Tree analysis, showing
identification as Pyricularia grisea, with Dinemasporium morbidum as the outgroup.
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The results of the standard bioassay show that both the P. grisea extract
and the isolated pyrichalasin compound maintain significant bioactivity, shown
below in Table 1. The crude extract displayed moderate activity against both
monocots and dicots, while PCH tended to cause inhibition of germination
primarily in monocot species.
Sample

Concentration

Lettuce

Agrostis

Culture Extract

1 mg/mL

3

3

0 μM

0

0

10 μM

0

0

33 μM

2

3

100 μM

2

3

330 μM

2

4

1000 μM

2

4

Pyrichalasin H

Table 1. Bioassay results of both crude extract and isolated pyrichalasin compound (at varying
concentrations). All tests were performed using 10% acetone solvent. 0 = no difference between
the control and treated seeds and 5 = complete inhibition of germination.

PCH displayed antifungal activity against Colletotrichum fragariae via
bioautography (Figure 8). Colletotrichum fragariae is responsible for
anthracnose disease on many fruits, particularly strawberries, causing severe
economic damage. The antifungal activity of natural products opens the door for
the development of novel methods aimed at relieving the economic burden of
withering crops caused by fungal diseases. Additionally, this activity advances
its potential as a biorational fungicide to extend the shelf life of fruits and
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vegetables. However, more investigation is needed to determine its activity on
other agriculturally important fungal species.

(a)

(b)

Figure 8. (a) Bioautography plate showing inhibition of fungal growth in areas spotted with PCH,
as indicated with black arrows; (b) Strawberry with visible anthracnose caused by Collectrichum
fragariae.

As the primary goal of our work is to examine the phytotoxic activity of
fungal metabolites, subsequent bioassays were carried out to probe the
mechanism of PCH. A cellular leakage test was first performed. The graph
(Figure 9a) shows minimal to no change in conductivity after exposure to light,
even at the highest concentration of PCH tested. This is contrasted with the
sharp increase observed in conductivity of leaf disks treated with the positive
control--acifluorfen (Figure 9b). This finding suggests that the mechanism of
action does not involve disruption of the cellular membrane. Thus, we have
reason to believe that the phytotoxic activity of PCH is not a result of this type of
mechanism.

20
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200
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5

10

15

20

25

Time (hr)

(a)

(b)

Figure 9. Conductivity changes in solution of Cucumis sativus leaf disks treated with (a)
pyrichalasin H and (b) acifluorfen. The arrow represents the point at which the samples were
exposed to light. The dotted line represents the maximum leakage value determined by boiled
leaf disks in MES buffer. Each treatment was carried out in triplicate.

In additional bioassays with L. sativa (Figure 10) and H. vulgare (Figure
11), the root and/or shoot length of the seedlings was found to be negatively
correlated with exposure to the compound, with higher concentrations leading to
lower lengths. This finding suggests that the mechanism of PCH may be a result
of actin inhibition, like that of the cytochalasins. Given the similar structures of
pyrichalasin H and cytochalasin D (Figure 12), the proposal of a similar
mechanism of action is certainly not unfounded.
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Average
Chlorophyl
cotyledon
Effect
ofperPCH
on

Root Length (mm) & Chlorophyll (mg/g FW)
L. sativa (lettuce;
dicot)

0.0035

3.0

0.0030

2.5

0.0025

2.0

mg

0.0020

1.5
0.0015

1.0
0.0010

0.5

0.0005

0.0

0.0000

Control 1% Acetone10 uM PCH 33 uM
100 uM
333 uM
Control 1% Acetone10
uM PCH 33 uM
100 uM for
333L.
uM sativa, showing:
Figure 10. Additional
bioassay
results
(a) average chlorophyll
content
per
cotyledon and (b) root length and chlorophyll content per g fresh weight.

(a)

mg Chl/coty

(b)

Root (mm)
Chl/FW

Figure 10. Additional bioassay results for L. sativa, showing: (a) average chlorophyll content per
cotyledon and (b) root length and average chlorophyll content per g fresh weight.
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70

6
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4
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60

5

3

40
30

2

20
1
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0

1%

eto
Ac

ne

M
1u

PC

H

3.3

uM
10

uM

PC

H

33

uM

PC

H

0
10

uM

PC

H

3
33

uM

PC

0

H

H
ne
PC
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M
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u
1
1%

3.3

uM
1

M
0u

PC

H

33

uM

10

M
0u

33

M
3u

(b)
treatment

(a)

Figure 11. Additional bioassay results for H. vulgare, showing: (a) average chlorophyll content
per g fresh weight and (b) root & shoot length.
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OH

OH
H

H
H

HN
O
O

O

HN
O

OH

O

O
OH
O

O

Cytochalasin D

Pyrichalasin H

Figure 12. Comparison of pyrichalasin H and cytochalasin D. The two major differences
(indicated by the red circles) come from the presence of the methoxy substituent attached to the
benzyl moiety and an additional carbonyl group.

The average chlorophyll content (per g fresh weight and per cotyledon)
was also negatively correlated with exposure to the compound in both species.
These findings suggest that the mechanism of action may involve interference of
the biosynthetic pathways affecting photosynthesis and/or chlorophyll synthesis.
However, it is also possible that the decreased concentration of chlorophyll
comes as a downstream consequence of the disruption of cellular division
processes. If the plant cells were arrested in their division through inhibition of
cytoskeleton components, chlorophyll synthesis would likewise be halted and
thus, a lower chlorophyll concentration, would be expected for the treated plants.
It is interesting that the dicot species had such similar results for the tests
performed here because the compound’s phytotoxic activity was much lower for
them according to the standard germination bioassay. This furthermore supports
the proposal that the compound induces phytotoxic effects following initial
germination. However, more work must be completed to fully determine the
compound’s mechanism of action. The species-specificity of PCH for monocots
and dicots is also of interest and may be explored further in future work.
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II. Synthesis of Isochromanone Analogs
The results of the standard phytotoxicity bioassay suggest that many of
the synthesized analogs maintain significant activity (Table 3). All were
phytotoxic against monocots with moderate to little activity against dicots.
Furthermore, when compared to the results of the original product isolated from
Hedera helix (Table 2), many of the synthesized derivatives showed greater
phytotoxic activity. In fact, many of the compounds achieved a ranking of 5 at 1
mM concentrations, indicating very potent phytotoxicity. It is difficult to determine
whether the presence of certain structural substituents impacts the compound’s
activity using this type of qualitative ranking system. For instance, in comparing
the activity of compounds 10-1a,b and 11a,b the presence of the extra methyl
group at the C3 carbon produced counteracting effects. A more quantitative
method should be employed to determine the absolute effect of certain functional
groups on the analog’s phytotoxicity. Furthermore, an accurate determination of
the compound’s mode of action could certainly aid in developing an analog with
the desired chemical properties (lipophilicity, etc.).

Sample
OH O

Conc.

Lettuce

Agrostis

1.0 mg/mL

2

4

0.1 mg/mL

0

0

O
1

d

Table 2. Bioassay results of 8-hydroxy-3,5-dimethylisochroman-1-one (1) isolated from Hedera
helix. All tests were performed using 10% acetone solvent. 0 = no difference between the
control and treated seeds and 5 = complete inhibition of germination.
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Sample

10-1a

Conc.
(μM)

Lettuce Agrostis

3

0

0

10

1

0

33

1

0

100

2

0

330

2

1000

Sample

Conc.
(μM)

Lettuce Agrostis

3

0

0

10

0

1

33

0

2

100

1

3

2

330

1

4

4

4

1000

3

5

3

0

0

3

1

2

10

0

0

10

1

2

33

2

2

100

2

3

10-2a

OMe O
O

Cl

O

10-1b
OMe O
O

O

10-2b
33

0

0

100

0

1

330

0

3

330

2

4

1000

2

5

1000

3

5

3

0

0

3

0

0

10

0

1

10

0

0

33

0

1

100

0

3

Cl

O
O

11b

11a
OH O
O

33

1

1

100

1

1

330

1

3

330

0

3

1000

1

5

1000

0

4

OH O
O

Table 3. Bioassay results of isochromanone analogs, showing variable phytotoxicity against both
monocots and dicots. All tests were performed using 10% acetone solvent. Note: the final
analog (10-2c) has not yet been tested. 0 = no difference between the control and treated seeds
and 5 = complete inhibition of germination.
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CONCLUSION
An unknown plant-pathogenic fungus was isolated from Bracharia
eruciformis (signalgrass) leaves and identified via molecular techniques as
Pyricularia grisea. Following extraction and bioassay-guided fractionation,
pyrichalasin H was crystallized as the major compound in the ethyl acetate broth
extract. This compound has previously been shown to be phytotoxic but this is
the first report of its antifungal activity. The mechanism of action was probed
further with additional bioassays and is believed to somehow interfere with in vivo
chlorophyll synthesis. However, its precise mode of action is far from confirmed.
The synthetic scheme for the production of isochromanone analogs
proved successful. When compared to the original isolated compound, almost all
of the analogs exhibited greater phytotoxicity at identical concentrations.
However, the yield for many of the reactions was very low, emphasizing the need
for novel approaches to larger-scale synthesis of such products. The absolute
configurations for all analogs with a single methyl group substituted on the C3
(chiral) carbon must also be determined. Additionally, more quantitative methods
must be employed to determine the absolute effects of particular functional
groups on a compound’s phytotoxic activity.
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